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[57] ABSTRACT

Aerosol droplet dimensions are important when aero-
sols are used as delivery means for such. as labelled
antibodies. Droplets from an aerosol containing solvent
and solute are deposited onto a surface, which surface
permits the droplet to maintain its surface tension, and
subjected to rapid freeze drying. The solvent is vapor-
ized while the solute forms a crystal lattice, which is
treated and subjected to analysis which permits an esti-
mate of the original droplet dimensions.

14 Claims, 7 Drawing Sheets
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AEROSOL DROPLET SIZE DISTRIBUTION
SCINTIGRAPHIC NEBULISER
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CALCULATING AEROSOL DROPLET
DIMENSIONS

BACKGROUND OF THE INVENTION

This invention relates to a method of calculating
aerosol droplet size, and more particularly to a method
of analyzing aerosol sprays having a selected droplet
size.

The use of aerosols for diagnostic and thereapeutic
uses is known. Yeates D B, et al, (Journal of Applied
Physiology Vol 39 No. 3 September 1975) teach the use
of radio labelled aerosols for measuring mucociliary
tracheal transport. The use of aerosols as a drug-deliv-
ery system in bronchial complaints is also well known.

It is well known that aerosol droplet size is important
in these uses for aerosols. It is also known that large
droplets tend to impact in the upper airways and throats
of subjects. Small droplets tend to deposit on the alveo-
lar surfaces. Various of the said uses for aerosols require
aerosols with particular droplet dimensional character-
istics for optimum efficiency, which, if achieved, reduce
subject discomfort, the amount of equipment and mate-
rials used, running costs, and time expended.

Previous methods of measuring aerosol droplet di-
mensions have included light photometry. However,
the accuracy of such methods has not always been as
good as is desired.

Accordingly, it is an object of this invention to pro-
vide a method of accurately calculating and analyzing
the droplet dimensions of an aerosol sample.

SUMMARY OF THE INVENTION

According to the invention there is provided a
method for calculating droplet dimensions of an aerosol
containing inter alia a solution including:

removing solvent from droplets of an aerosol sample
whilst retaining substantially all the solute, such that the
dimensional characteristics of each solute residue are
uniformly related to the size of the original droplet,
measuring the dimensions of the remaining solute resi-
dues and then calculating the size and size distribution
of the original aerosol droplet.

The invention additionally envisages a method of
providing a desired particle size distribution in an aero-
sol comprising initially measuring droplet size and size
distribution in an aerosol and then adjusting the aerosol
parameters to provide for a desired particle size range
distribution.

The preferred method of solvent removal is by freeze
drying so that crystallization of the solute occurs. Pref-
erably, the freeze drying is rapid.

When crystallization does not occur the solute solids
can still under suitable freeze drying techniques the
shape of the droplet but there is a tendency for contrac-
tion. But I have found that the contraction over the
whole droplet range in any one sample is proportional
to the size of the original droplet.

In an aerosol which does not include a solute of suit-
able crystallisation characteristics it is envisaged within
the invention that such will be added.

BRIEF DESCRIPTION OF THE DRAWINGS

The preferred embodiment will now be described by
way of example and with reference to the accompany-
ing drawings in which
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FIG. 1 s a diagram showing particle size distribution
as a percentage of total volume for one nebuliser, and in
which ,

FIG. 2 shows the particle size distribution for a nebu-
liser used according to the teaching of U.S. co-pending
application Ser. No. 602332.

FIGS. 3(a), 3(b), and 3(c) are diagrammatic represen-
tations of a conventional aerosol nebuliser dispenser
which may be used for preparing aerosol droplets in
accordance with the method of the invention;

FIG. 4 is a diagrammatic representation of a conven-
tional freeze drier that may be used in the invention;

FIG. 5 shows droplet solute crystal residues formed
by the method of the invention;

FIG. 6 is a diagrammatic representation of a conven-
tional gold depositer which may be used in the inven-
tion; and

FIG. 7 is a block diagram of a conventional scanning
electron microscope that may be used in the invention.

BRIEF DESCRIPTION OF THE PREFERRED
EMBODIMENT

According to the preferred embodiment, aerosols are
prepared for diagnosing lung tumors according to the
method of co-pending U.S. co-pending application Ser.
No. 602332, in which droplets of between 0.2 and 1.4
microns are preferred. The aerosol in a preferred em-
bodiment contains, inter alia, approximately 10% lac-
tose in water as solvent. The aerosol is formed by an
aerosol dispenser as shown in FIGS. 3(2)-3(c) and is

~ caused to be deposited on a plate, having a hydrophobic

35

surface which causes the droplets to maintain surface
tension, and reduces to a minimum the dimensional
distortion of the droplets on contact with the plate.
Prolongation of deposition time results in superposition-
ing of new droplets on deposited droplets with coale-
sence of the droplets, which is to be avoided. Coale-

. sence of droplets, if permitted, gives a distorted view of
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original droplet size on analysis. The time is dependent
upon such as the aerosol pressure and size of the plate.
The time can be readily determined by trial and experi-
ment. The plate bearing the droplets is then subjected to
freeze drying by a freeze drier as shown, for example, in
FIG. 4 until the water is substantially removed leaving
inter alia lactose crystals as shown in FIG. 5. The plate
is then prepared for scanning electron microscopy such
as by gold deposition in a vacuum by using a gold de-
positer as-shown in FIG. 6. Gold deposition in a vac-
uum on samples for scanning electron microscopy is
well known to those skilled in the art. Direct current
spattering or evaporation may be used; vacuum coating
results in a deposition rate of the order of 0.1 nm—! (See
Echlinp: “Use of the scanning electron microscope,”
Pergamon Press London 1922). The plate is then
scanned by electron micrography by using a scanning
electron microscope as shown in FIG. 7. The resultant
micrographs are then examined and subjected to mea-
surement and statistical analysis to thereby calculate the
original droplet dimension characteristics of the aero-
sol.

It is to be appreciated that one of the measuring tech-
niques is that of spread factor analysis, well known in
the art from analysis of surface tension of droplets in
detergent studies, and which provides an estimate of the
original diameter of a droplet prior to deposition from
measurements taken after deposition. '

It is to be appreciated also that by the method of this
invention measurements of size are made directly of the
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droplet residue, and not indirectly by means such as
photometry.

The accuracy of this analysis is dependent on the

_degree of homogeneity of solute in the solvent of the
aerosol. With a composition in which the solute is un-
formly distributed, accuracy is greatly enhanced.

Preferably therefore this invention envisages the use
of as uniform a solution as possible.

Modifications and developments are envisaged and
can be incorporated without departing from the scope
or spirit of the invention.

The basic principle of the invention is as set forth in
the statement of invention and the manifestation of the
invention as described is intended to be by way of exam-
ple only.

I claim:

1. A method of calculating the dimensions of aerosol
droplets of a solution, which comprises removing sol-
vent from aerosol droplets while retaining substantially
all the solute residue of said droplets such that the di-
mensional characteristics of said solute residue are uni-
formly related to the size of said droplets, measuring the
dimensional characteristics of said solute residue, and
calculating the size and size distribution of said droplets.

2. A method as claimed in claim 1, wherein the sol-
vent is water. . -

3. A method as claimed in claim 2, wherein before the
solvent from the aerosol droplets is removed, said drop-
lets are deposited on a plate with a hydrophobic surface.

4. A method as claimed in claim 3, wherein the sol-
vent is removed by rapid freeze drying.

5.'A method as claimed in claim 1, wherein the sol-
vent is removed by rapid freeze drying.

6. A method as claimed in claim 1, wherein the solute
is lactose.

7. A method as claimed in claim 1, wherein after
removing the solvent from the aerosol droplets said
solute residue is subjected to gold deposition in a vac-
uum, and then subjected to electron micrography, and
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4
wherein the dimensions of said solute residue are calcu-
lated by measurement and statistical analysis.

8. A method as claimed in claim 7, wherein the di-
mensions of the solute residue are calculated by spread
factor analysis.

9. A method as claimed in claim 1, wherein the diam-
eter size of the aerosol droplets is from about 0.2 to 3.0
microns. )

10. A method as claimed in claim 1, wherein the
diameter size of the aerosol droplets is from about 0.2 to
1.4 microns.

11. A method as claimed in claim 1, wherein the
diameter size of the aerosol droplets is from about 0.6 to
1.0 microns.

12. A method as claimed in claim 1, wherein the
solute is uniformly distributed in the solvent.

13. A method of providing a desired particle size
distribution in an aerosol comprising initially calculat-
ing the dimensions of aerosol droplets of a solution by
removing solvent from aerosol droplets while retaining
substantially all the solute residue of said droplets such
that the dimensional characteristics of said solute resi-
due are uniformly related to the size of said droplets,
measuring the dimensional characteristics of said solute
residue, calculating the size and size distribution of said
droplets, and then adjusting the aerosol parameters to
provide for a desired particle size range distribution.

14. An aerosol dispenser in which the particle size
distribution in the aerosol has been adjusted by initially
calculating the dimensions of aerosol droplets of a solu-
tion by removing solvent from aerosol droplets while
retaining substantially all the solute residue of said drop-
lets such that the dimensional characteristics of said
solute residue are uniformly related to the size of said
droplets, measuring the dimensional characteristics of
said solute residue, calculating the size and size distribu-
tion of said droplets, and then adjusting the aerosol
parameters to provide for a desired particle size range

distribution.
* * * * *



